Abstract Geographic information system (GIS) nowadays is one of the most helpful epidemiological tools for identifying the high risk areas of cutaneous leishmaniasis (CL). This study was conducted to determine the spatio-temporal distribution of CL in Qom province during 2009-2017. In a crosssectional study, for the survey of spatial dispersion of CL in the study region, the incidence rate of disease was calculated in all of 23 villages during 2009-2017. Then, spatial analysis of the infection was performed using two methods: spatial autocorrelation (Moran's I) in order to determine the special distribution pattern of disease and Kriging method to reveal high risk areas for disease. The incidence of CL in Qom province has been decreasing as of 2009-2015 and increasing in 2015-2017. The highest incidence was stated in 2009 (36.5 per 100,000) and the least was reported in 2015 (13.3 per 100,000). The Moran autocorrelation index revealed that the study area has a cluster pattern. The temporal distribution of disease incidence showed that northeast, southwest and northwest parts of Qom province involved highest incidence of CL in 90% significant level. Leishmaniasis incidence is a function of spatial and geographical trends, thus spatial variations of the infection incidence illustrate that the incidence rate does not increase or decrease from one region to another intensively. The results of this study indicate that marking high risk areas using spatial analysis can be helpful as a main tool in CL control and prevention.
Introduction
Cutaneous leishmaniasis (CL) has a vast worldwide distribution. The cases are mostly seen in tropical and subtropical regions. function of its vectors dispersal, the sand flies (Steverding 2017; Torres-Guerrero et al. 2017 ). An estimated 600,000-1 million new CL cases occur annually in the world with over two-thirds of cases in 6 countries: Afghanistan, Algeria, Brazil, Colombia, Iran and the Syrian Arab Republic (WHO 2018) . Cutaneous leishmaniasis is endemic in semi parts of all 31 provinces of Iran (Alvar et al. 2012) . It seems that Iran has a proper geographic and climatic conditions for the rodents and sandflies as the infection reservoirs and vectors (Norouzinezhad et al. 2016) . The research results indicate that CL cases incidence is rising, resulting in environmental changes caused by human, such as uncontrolled exploitation of wood resources and deforestation, mining, damming, agricultural extension, new Irrigation methods, development of forest roads, as well as urbanization and extensive rural-urban migration. Moreover, poverty and malnutrition are the disease contributed factors. Generally, CL risk factors are expressed based on parameters like age, sex, economic conditions, and other social factors (Shakila et al. 2006) . Studies show that CL distribution has not the same pattern in Iran and there are several hotspots of the disease in different regions (Yaghoobi-Ershadi et al. 2004) . Identifying these high risk areas can be effective in CL incidence control and preventive programs management. Presently, GIS as one of the most important epidemiological tools is useful and effective in determining populations at risk of zoonotic diseases including CL, prevention planning and monitoring services in terms of time and place. Geographic Information System as a computer software provides spatial distribution pattern of diseases to study the relevant outbreak factors and maps out the spatial distribution of each disease quantitatively and qualitatively (Shakila et al. 2006; Khan et al. 2010; Tanser and le Sueur 2002) . One of GIS widely in use applications in the world is informing and helping to make health management decisions for preventing the occurrence and prevalence of diseases to control various diseases such as CL, malaria and HIV infection (Alvar et al. 2012; Norouzinezhad et al. 2016; Shakila et al. 2006; Parvizi and Ahmadipour 2011) . The main intention of this study is to determine spatio-temporal distribution of cutaneous leishmaniasis in Qom province, located in the center of Iran, during the study period of 2009-2017.
Materials and methods
The study area, Qom province in central Iran is one of the main foci of cutaneous leishmaniasis (Fig. 1) . Qom is one of the 31 provinces of Iran, located between 50°06 0 -51°58 0 E and 34°09 0 -35°11 0 N in central part of Iran with an area of 11,237 km 2 covering 0.89% of the total land of country (Farzinnia et al. 2010) . Provincial capital of the province is city of Qom (Fig. 1) . Based on the most recent census in 2016, the province has a population of approximately 1,200,000 out of which 91.2% inhabit in urban areas and 8.8% in rural environs (Saghafipour et al. 2018) . The climate of Qom province varies between a desert and semi-desert conditions. Geographically, the province comprises mountainous areas, foothills and plains. Usually it experiences a dry climate, with low humidity and scanty rainfall. In the last year, the minimum and maximum temperatures were recorded -14°C in December and ? 47°C in June, respectively. The annual rainfall was 86.9 mm and relative humidity was ranged between 8.5% in June and 89.1% in December. With the aim to investigate the spatial and temporal changes of CL in the study area, patient residence data was received from Contagious Diseases Control Center in Iran Ministry of Health and Medical Education in 9 years' period: 2009-2017. In order to investigate spatial variations of CL, the incidence of disease was calculated in all of 23 villages of the study years based on formula (Gordis 2009 ):
Afterward, spatio-temporal analysis of the disease was performed using two analyzes: Kriging method and Spatial Moron correlation in GIS environment.
Kriging method is one of interpolation methods (Kleijnen 2009). In this study, the CL disease data were represented with data point. So, in order to reveal high risk areas for CL disease in different regions of Qom province, interpolation (Kriging) method was utilized. Ultimately we classified the study areas into seven categories with different incidence of CL.
Kriging method was applied based on formula: Global Index of Spatial Autocorrelation-Moran's I is one of the most practical and most important analytical tests on spatial data (Chen 2013) . Z score for this index varies between 1 and -1. If the z score is greater than zero, the disease has a cluster spatial diffusion pattern, if the z score is smaller than zero, the spatial pattern of disease diffusion will be diffused and if the z score equal to zero, the pattern of spatial distribution of the disease is random.
Moran index for spatial autocorrelation was calculated as follows:
In this formula z i is the difference between the Attribute complication i and its mean ðx j À XÞ. W i;j is spatial weight between i and j components. n is total number of complications and S 0 is the total sum of spatial weights. Total number of spatial weights was calculated by the following equation:
The Z I rating was calculated as a standard for Moran statistics through following:
Microsoft Office Excel 2017 software was used for data entry and the maps and kriging method was handled using ArcGIS version 9.3.
Results

1-Incidence of cutaneous leishmaniasis
The incidence rate of CL decreases from 2009 to 2015 and heightens from 2015 to 2017. During the survey period, the highest incidence was stated in 2009 (36.5 per 100,000) and the lowest was recorded in 2015 (13.3 per 100,000). Figure 1 displays year-wise data on incidences of CL cases in study period.
2-Spatial distribution of CL (Moran Autocorrelation Index)
Moran spatial autocorrelation index was used to determine the spatial pattern of the disease distribution. Regarding the high incidence of disease in northeastern, southwest and northwest of the province. The result of Moran index showed, z score is greater than zero in all study years except 2014. Therefore, it means that the study area in terms of the incidence of disease in all years except for 2014 has a cluster pattern (Table 1 and Fig. 2) .
In other words, neighboring regions have the same statement of the disease incidence that forms spatial clusters. Because of very small p value and larger than 1.65 z score, it is concluded that the cluster pattern of the disease incidence cannot be accidental. The adjacent regions have spatial self-correlation so that randomness of spatial distribution of CL incidence assumption is rejected. Table 1 
Discussion
In distribution map of CL incidence and prevalence in Iran, the main focuses of the disease were identified in Isfahan, North Khorasan, Razavi Khorasan, Central, Fars, South Khorasan, Kerman, Qom, Tehran, Qazvin and Semnan provinces respectively (Bayatani and Sadeghi 2012) . The incidence of CL in Qom province has been decreasing from 2009 to 2015 and has increased from 2015 to 2017. The highest incidence was reported in 2009 (36.5 per 100,000) and the lowest was stated in 2015 (13.3 per 100,000). Spatial variations of CL show that the highest incidence of CL occurs in the northeast, southwest and northwest of the province. In this study, using Moran spatial autocorrelation index to determine spatial pattern of the disease distribution in the study area showed a cluster pattern. Spatial change analysis of CL incidence special distribution result showed that 90% of cases were resident in the northeast, southwest and northwest of Qom province form hot spots at a significant level. It is scientifically proven in previous studies, sand fly's activity, growth and proliferation, as CL vectors, is more influenced by climatic factors such as soil moisture, evapotranspiration, vegetation indices, humidity, precipitation, and rather temperature (Ready 2008 ). In fact, CL incidence is a function of sand fly's population which is influenced by climatic factors such as temperature and humidity so leishmaniasis is indirectly affected by climatic factors. Obviously, the incidence rate of the disease can be affected by a variety of factors in addition to sand fly's population like the changes in reservoirs (rodents) density. At the time of drought, the population of wild rodents might approach to human settlements which increases infection and incidence of the disease as a result of sand flies bite from these rodents and transmission of Leishmania parasites to humans through inoculation. The average air temperature in the northeast, southwest and northwest of Qom province is 25.51, 20.82 and 19.03°C and relative humidity in north-east, southwest and northwest of Qom province is 12.12, 35.38 and 21.52% respectively. It is proven that all sand fly's species grow at temperatures above 18°C, which is the threshold temperature for their lives. Various researches findings show the optimum temperature for development of renaturation stages in sand flies at 28-29°C (Rassi and Hanafi-Bojd 2008) . Studies in Rajasthan region in India defined that thermal threshold for development of sand flies is around 35-17°C (Singh 1999) . Mature sand flies activating during sunset and night, when the air temperature and humidity rises, can cause transmission of the disease through Leishmania infected bites. Sand fly eggs development optimum relative humidity is near 80%. According to Sink et al. findings, relative humidity threshold for Leishmania vectors survival is 30% and 31-85% humidity is optimum for sand fly's activity (Singh 1999) . Therefore, in the study area, humidity conditions are available for sand fly's activity and leishmaniasis transmission by bloodsucking from the hosts like human. Even with the humidity need in sand flies breeding sites, very high moisture can cause larvae migration (Rassi and Hanafi-Bojd 2008) . Thus it is settled that appropriate temperature and humidity conditions are available for sand flies and CL incidence in the northeast, southwest and northwest of Qom province. Considering cluster spatial distribution of CL in northeast, southwest and northwest of Qom province, revealed that most of CL transmission occurred in northeast of the province as a n high risk of disease. It can be concluded that the occurrence of CL is a function of spatial and geographic trends. Spatial variations of the disease incidence show that it is not increasing or decreasing strongly from one region to another but it appears as hot spot areas. The study discoveries show that spatial analysis can be helpful as a strong tool for CL control and prevention through determining high risk areas.
